Effect of Organic Mercury Compounds in Serological Tests on some Isometric Plant Viruses
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Mercury-containing preservatives, such as Merthiolate and Cialit (Koenig, I969), inhibit the formation of precipitin lines in gel-diffusion tests with several animal and plant viruses (Le Bouvier, 1959; Bancroft, I962; Cowan, I966; Koenig & Jankulowa, 1968) . With footand-mouth disease virus this inhibition is due to a partial degradation into subunits (Cowan, 1966) whereas with belladonna mottle virus (BMV) the diffusion of virus is inhibited (Koenig, 1969) . In this paper these studies are extended to other isometric plant viruses.
Turnip yellow mosaic (TYMV), eggplant mosaic (EMV),* Andean potato latent (APLV),* viruses and BMV were purified by the method of Paul et aL (1968) . A grape-vine isolate of sowbane mosaic virus (SMV) (Bercks & Querfurth, I969) was purified by the method of Wetter 096o). Rabbits were immunized by two intramuscular injections, given week apart, of virus emulsified in Freund's adjuvant. Complete adjuvant was used for the first injection and incomplete for the second. The duration of immunization is quoted from the time of the first injection. Details of the serological tests were described by Koenig 0969).
In the Ouchterlony test at pH 6, TYMV initially formed precipitin lines in the presence of mercury compounds (Table 1) at the usual concentration(23o #M Cialit = o.o~ %), but these lines later disappeared. At pH 8 a strong inhibition was already observed after incubation for I day. The precipitin lines formed in the presence of 230 p~M Merthiolate disappeared sooner at pH 8 than at pH 6. Similar results were obtained when serial dilutions of antiserum were tested against constant concentrations of antigen. Precipitin lines were stable for at least two weeks in control tests.
The disappearance of precipitin lines also occurred with EMV in the presence of 230/ZM Cialit. With heterologous and early homologous antisera an inhibition was already observed after incubation for ~ day. With homologous antisera obtained after several weeks of immunization, the lines started to disappear after incubation at room temperature for one or two weeks. In the presence of higher concentrations of Cialit (2300/ZM) inhibition decreased, in contrast to the increase with TYMV. Merthiolate at various concentrations inhibited only weakly the formation of precipitin lines by EMV.
This formation and disappearance of precipitin lines suggested that with TYMV and EMV, in contrast to BMV, the diffusion of virus was not inhibited. Further tests were made to show whether the instability of the precipitin lines resulted from changes produced in the viruses during their diffusion in agar containing mercurials and before they reacted with antibody. Alternatively, the precipitates themselves might be affected by the mercurials. To decide between these possibilities, double diffusion tests in mercury-free agar were set up with four Cialit-sensitive viruses (TYMV, EMV, BMV and SMV) using serial dilutions of antigens and antisera. After lines had formed, the agar was overlayed with Cialitcontaining buffer (Table 2) . BMV, which does not diffuse in the presence of Cialit, formed precipitin lines which were stable to Cialit. The precipitin lines formed by the other three viruses, however, disappeared as the period of exposure to Cialit increased. In the controls they were stable. With EMV, precipitin lines again disappeared sooner with heterologous and early homologous antisera than with late homologous sera. This suggests that the susceptibility of the precipitate to Cialit may be related to the avidity of the antibodies. The presence of mercury-containing preservatives can clearly lead to false results in attempts to determine serological relationships. Washed serological precipitates containing TYMV or SMV and produced in liquid medium were used to study the reaction products obtained with Cialit or Merthiolate. After ultracentrifugation and dialysis of the reaction mixtures, free antibodies but no virus could be recovered. With TYMV a degradation of virus in the presence of mercurials has been observed repeatedly (Kaper & Jenifer, ~968; Godschalk & Veldstra, t965) . In our experiments no particles of TYMV were detected by electron microscopy after incubation for 3 days with Cialit. Particles of EMV were found which were not serologically reactive. Because mercurials react with SH-groups, tests were made of the possibilities that mercuryfree SH-reagents may either dissolve precipitin lines or protect them against the destructive action of mercurials. For example, iodoacetate partially protects potato virus X against disintegration by p-chloromercuribenzoate (pCMB) (Reichman & Hatt, 196 0. In our experiments iodoacetate and ethymaleinimide did not affect TYMV precipitin lines even at a concentration of 23,ooo #g, which is Ioo times higher than that normally used with mercury compounds. However, after overlayering a small amount of Merthiolate, which alone was without effect. TYMV lines disappeared in the presence of mercury-free SHreagents (Table 3) . With EMV, 23,ooo #M iodoacetate or ethylmaleinimide were slightly inhibitory. They were strongly inhibitory, however, in the presence of 23/~M Cialit, which alone was without effect. This supports a conclusion by Godschalk & Veldstra 0965) that the primary reaction of mercurials with TYMV is not with SH-groups but is an adsorptiondenaturation of the virus surface which exposes SH-groups in the hydrophobic interior of the virus.
Because the electrophoretic migration of BMV was changed in the presence of Cialit, Merthiolate and pCMB (Koenig, ~969), similar experiments were made with TYMV, EMV, APLV, SMV, tomato bushy stunt, pelargonium leaf curl and petunia asteroid mosaic viruses. An anodic shift of electrophoretic migration was observed with SMV in the presence of Cialit and Merthiolate and with EMV in the presence ofpCMB. The other viruses were not affected. The differences in the sensitivities of BMV, EMV and APLV towards pCMB could be used to enhance the immunoelectrophoretic separation of these serologically related viruses (Fig. I) . Fig. I . Immunoelectrophoresis of belladonna mottle (top row), eggplant mosaic (second from top) and Andean potato latent viruses (fourth from top) and a mixture of these viruses (third from top) in absence (a) and presence (b) of 23o/~M p-chloromercuribenzoate. Tests with I ~o agarose in o'o5 M tris-buffer, pH 8, and an antiserum against belladonna mottle virus with the homologous titre of 1:256. The serum was used at a dilution of I:4, the titres of the antigens were adjusted to I:256.
Short communications (a)

